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The exent to which interrater agreement and ratings of significance on both changes in level and
trend are affected by lines of progress and semilogarithmic charts was investigated. Thirteen grad-
uate students rated four sets of charts, each set containing 19 phase changes. Set I data were plotted
on equal interval charts. In Set II a line of progress was drawn through each phase on each chart.
In Set III data points were replotted on semilogarithmic charts. In Set IV a line of progress was
drawn through each phase of each Set III chart. A significant main effect on interrater agreement
was found for lines of progress as well as a significant 2-way interaction between lines of progress
and change type. Three main effects (chart type, lines of progress, and type of change) and a
significant 3-way interaction were found for ratings of significance. Implications of these data for
visual analysis of charted data are discussed.
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Folklore tells us that "seeing is believing." That
belief has also been a basic tenet of applied be-
havior analysis. Charted data are generally accept-
ed as sufficient evidence to determine whether ex-
perimental control has been demonstated. Recent
publications, however, have explored factors that
affect the use of visual analysis to determine ex-
perimental effects. DeProspero and Cohen (1979)
and Jones, Weinrott, and Vaught (1978) dem-
onstrated that raters of charted data often differ in
their opinion as to whether or not experimental
control has been demonstrated. Wampold and
Furlong (1981) found that a group of graduate
students who had completed a single-subject re-
search seminar failed to differentiate charts con-
taining changes in both level and trend from those
containing a change in trend only. Studies by Fur-
long and Wampold (1981, 1982) suggest that
raters typically attend to large phase changes but
do not attend to relative variation in data.
Problems in interrater agreement such as those
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described have led many to suggest that visual
analysis should be supplemented by statistical
techniques to verify the effectiveness of interven-
tions (e.g., Edgington, 1967; Gorsuch, 1983;
Jones, Vaught, & Weinrott, 1977; Kazdin, 1976;
Wolery & Billingsley, 1982). Although statistical
analysis may be important in some cases, it is pos-
sible that the use of judgmental aids or alternate
charting techniques could serve to improve ratings
based on visual analysis. Unfortunately, little re-
search has addressed this issue. One exception is a
study by Knapp (1983) which was an investiga-
tion of the relative effects of three graphing tech-
niques (cumulative plot, semilog, and frequency-
polygon) and three styles of presenting data from
different intervention phases (baseline data sepa-
rated from intervention data either by a space, a
vertical line, or not separated). Data plotted on
semilogarithmic and frequency-polygon charts were
rated significantly different from each other, with
frequency-polygon charts producing the greatest
amount of interrater agreement on "no change,"
whereas data plotted on semilog charts produced
the least consensus on "no change."
The purpose of this study was to investigate the
effects of two judgmental aids-lines of progress
and semilogarithmic charts-on raters' judgments
regarding charted data.
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Lines of Progress
Traditional analytic strategies summarize the
central tendency of data sets using a mean or me-
dian. Such an analysis, however, may obscure any
trends in behavioral performance. Because time-
series data may be increasing or decreasing, it is
important to indude an estimate of trend in the
analytic process.
Charted data may be summarized visually by a
line describing the level and direction of growth.
For example, a regression equation may be used
to estimate the "least-squares" line for a set of
data. The advantage of such a trend line, or line
of progress, is that it provides a parsimonious sum-
mary of a phase against which performance in oth-
er phases may be compared. White (1974) has
suggested a simple method, the "quickie split-
middle technique," for estimating a line of pro-
gress. The procedure involves determining the in-
tersections of the median level of performance and
the median day (or session) for each half of a
phase. Those two points are connected, resulting
in a trend line, and the line is then shifted up or
down (keeping the slope or angle of the line con-
stant) until half the data points fall on or above
the line and half fall on or below the line. The
split-middle technique and examples of its appli-
cation are described in detail by Kazdin (1976,
1982) and White and Haring (1980).
Lines of progress are rarely provided in pub-
lished applied behavior analysis research. When a
line is used to summarize a phase it typically sum-
marizes only the central tendency of a phase. A
line of progress may more accurately reflect changes
in performance over time and provide a basis for
predicting the future course of progress. The cen-
tral tendency line can be misleading, thus affecting
the use of visual inference to ascertain the nature
and extent of changes in level, trend, and vari-
ability.
Semilogarithmic Charts
On an equal interval chart the distance between
any two consecutive points on each axis is always
the same. For example, on the abscissa, the dis-
tance between Day 1 and Day 2 is equal to the
distance between Day 13 and Day 14; on the
ordinate, the distance between rates of 5 and 10
per minute is equal to the distance between rates
of 20 and 25 per minute. Equal absolute changes
are always represented by equal distances on the
chart.
On a semilogarithmic chart, the abscissa (time
or sessions) is also represented by equal intervals.
However, the ordinate (behavioral performance) is
drawn in logarithmic units. Equal relative changes
in performance are represented by equal distances
on the chart. Any proportionate change (e.g., dou-
bling, halving) is represented by the same distance
on the chart, regardless of the absolute values of
those changes.
The representation of behavior in logarithmic
units may more accurately reflect the effort in-
volved in learning (and teaching). Although going
from 5% correct to 10% correct is the same ab-
solute increase as going from 80% correct to 85%
correct, the first increase is proportionately much
greater than the second, and thus should require
more effort. Semilog charts may also be advanta-
geous when making predictions because data that
would usually appear as a normal learning curve
on an equal interval chart (gradual rise at the be-
ginning with a steeper increase over time) more
dosely approximate a straight line on the semilog
chart. Semilogarithmic charts have proved to be
useful in planning and evaluating instructional
programs (Lindsley, 1964; White & Haring,
1980), in the application of decision-making rules
for instructional changes (Haring, Liberty, & White,
1980), and in making predictions about the future
course of instructional progress (White, Billingsley,
& Munson, 1980).
Assuming that lines of progress and semilog
charts could affect visual analysis, the individual
and combined effects of the two procedures on
interrater agreement and on ratings of significance
were investigated in this study.
METHOD
Students
Thirteen female special education graduate stu-
dents participated in the study. Each had just com-
pleted a course in applied behavior analysis, half
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of which was devoted to an understanding of data
collection procedures, charting procedures, and ap-
plied behavior analysis research designs. All were
master's degree students in special education. None
had conducted applied behavior analysis research,
but all had experience in reading and interpreting
charted data. Although the use of graduate stu-
dents may be questioned due to lack of experience,
Knapp (1983) found no differences in ratings ob-
tained from editors or reviewers of applied behav-
ior analysis journals, graduate students, and un-
dergraduate students with at least one course in
behavior analysis.
Materials
The charts used were selected from those used
in the Jones et al. (1977) investigation of time-
series analysis in operant research. Five of the seven
charts presented in that study were used because
they were difficult to analyze visually and there
was a discrepancy between the visual interpretation
and statistical interpretation. The five charts se-
lected were: (1) Figure 3 in Boren and Colman
(1970); (2) Figure 1 in Ingham and Andrews
(1973); (3) Figure 5 (Hannah) in Baer, Rowbury,
and Baer (1973); (4) Figure 5 (Charlotte) in Baer
et al. (1973); and (5) Figure 7 in Wincze, Leiten-
berg, and Agras (1972).
Four sets of charts were prepared. Set I was
comprised of each of the five charts as published
by the authors. Set II was comprised of the same
charts with a line of progress drawn through each
experimental phase by using the quickie split-mid-
dle technique ('White, 1974). In Set III, all data
points were plotted on semilogarithmic percent
charts. Set IV was comprised of the same charts
as Set III with a line of progress drawn through
each phase.
Procedure
Each student was given a one-page introduction
to the study. This introduction contained a brief
review of the concepts of level and trend. Figure
1 from Jones et al. (1977) was attached to illus-
trate combinations of level and trend changes.
Following the introductory page, each student
received a packet that included each of the 20
charts (5 data sets x 4 charting procedures). The
charts were randomly ordered. Each student then
was asked to look at each phase change and de-
termine if the change resulted in a significant change
in level or trend of the data, or both. Students
were instructed that in determining significance they
should ask whether the changes in behavioral scores
following interruptions (or phase changes) war-
ranted the condusion that experimental control over
behavior had been obtained. Each student wrote
yes or no to the questions "Was there a change in
level?" and "Was there a change in slope?" for
each phase change in each chart.
RESULTS
Across the five charts, 19 phase changes oc-
curred. Thus, within each set of charts, each re-
spondent made 19 decisions about changes in level
and 19 decisions about changes in trend. The ef-
fects of visual aid and type of chart on ratings of
changes in level and trend were analyzed in two
ways: effects on interrater agreement (a measure 'of
cross-rater consistency) and effects on ratings of
significance (a measure of whether, in fact, a change
actually occurred).
Interrater Agreement
Interrater agreement for each phase change on
each chart was determined according to the follow-
ing formula: [# of raters stating a change did or
did not occur (whichever was larger)/total # of
raters x 1001. A 3-factor analysis of variance was
conducted as a part of a randomized block factorial
design to determine the effects of chart type (equal
interval or semilogarithmic), lines of progress
(present or absent), and change type (level or trend)
on interrater agreement. Because the unit of anal-
ysis was percentage of agreement rather than in-
dividual data, the design was a repeated measures
model with different phase changes rated by each
observer used as the blocking variable. The results
are displayed in Table 1. A significant main effect
was found for lines of progress, and a significant
2-way interaction was found between lines of pro-
gress and change type. The significant effect for
phase changes (blocking variable) indicates that
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Table 1
3-Factor Analysis of Variance for Interrater Agreement
Mean
Source df square F
Main effects
Chart type 1 407.9 2.53
Line of progress 1 6697.9 41.48**
Change type 1 96.3 .59
Two-way interactions
Chart type x line of
progress 1 59.38 .37
Chart type x change
type 1 192.38 1.19
Line of progress x
change type 1 847.9 5.25*
Three-way interaction
Chart type x line of
progress x change
type 1 142.2 .88




different phase changes generated different levels
of interrater agreement.
The data are displayed graphically in Figure 1.
Equal interval charts with no lines of progress re-
sulted in interrater agreement of 73% and 66% on
level and trend changes, respectively. Interrater
agreement on level and trend increased to 85%
and 84%, respectively, when lines of progress were
added to the equal interval charts. Semilog charts
with no lines of progress resulted in interrater
agreement of 77% on changes in level and 71%
on changes in trend. When lines of progress were
added to the semilog charts, interrater agreement
increased to 83% for changes in level and 90% for
changes in trend.
Ratings of Significance
A 3-factor analysis of variance was also con-
ducted as a part of a randomized block factorial
design to determine the effects of chart type, lines
of progress, and change type on ratings of signifi-
cance of effects after phase changes. Ratings of
significance was defined for each phase change as
Table 2
3-Factor Analysis of Variance for Ratings of Significance
Mean
Source df square F
Main effects
Chart type 1 6672 42.31**
Line of progress 1 1836.2 11.65**
Change type 1 6963.5 44.16**
Two-way interactions
Chart type x line of
progress 1 3290.6 20.86**
Chart type x change type 1 918.1 5.82*
Line of progress x change
type 1 14.6 .09
Three-way interaction
Chart type x line of prog-
ress x change type 1 1455 9.23**




the percentage of raters who indicated that a sig-
nificant change in performance had occurred. The
design was a repeated measures model with stu-
dents used as the blocking variable. The results are
displayed in Table 2. Significant main effects were
found for chart type, lines of progress, and change
type. A significant 3-way interaction also was found.
The significant effect for students (blocking vari-
able) indicates that students varied among them-
selves in rating the significance of phase changes.
The data are displayed visually in Figure 2.
Equal interval charts with no lines of progress re-
sulted in an average of 68% of the phase changes
rated as having a significant change in level and
51% of the phase changes rated as having a sig-
nificant change in trend. Those figures increased to
81% rated as having significant level changes and
77% significant trend changes when lines of pro-
gress were drawn. Semilog charts with no lines of
progress resulted in an average of62% of the phas-
es rated as having a significant level change and
48% a significant trend change. When lines of
progress were added to the semilog charts, 67% of
the phases were rated as having significant level
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Figure 1. Percentage of interrater agreement on changes in level and trend as a function of chart type and use of lines
of progress.
changes and 31% were rated as having significant
trend changes.
DISCUSSION
The data demonstrate a complex interrelation-
ship between chart type, lines of progress, and
change type, and their differing effects on interrater
agreement and ratings of significance. The appli-
cation of a line of progress to charted data dearly
had the most dramatic effect on interrater agree-
ment. Although lines of progress increased agree-
ment on both level and trend effects, the 2-way
interaction suggests that lines of progress may im-
prove agreement of ratings on trend more than
agreement of ratings on level. The type of chart
used did not appear to have a marked effect on
interrater agreement.
Lines of progress also had a significant effect on
ratings of significance. However, the effect varied
as a function of both chart type and change type.
When added to an equal interval chart, lines of
progress seemed to have the effect of accentuating
possible changes in trend and level, as indicated
by the significant rise in both. When added to a
semilog chart, lines of progress again seemed to
have the effect of accentuating possible changes in
level. However, lines of progress had the effect of
obliterating any possible changes in trend, as in-
dicated by the dramatic reduction in percentage of
trend changes rated as significant.
The type of chart used did have an effect on
ratings of significance, particularly in ratings of
trend. The most common effect of replotting data
on a semilog chart was a "flattening" of the data
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Figure 2. Percentage of phase changes rated as having a significant change in level and trend as a function of chart
type and use of lines of progress.
had little effect on observers' ratings of trend, how-
ever, until a line of progress was added.
The findings generally correspond to expecta-
tions based on assumptions regarding lines of pro-
gress and semilog charts. For example, the as-
sumption that a line of progress highlights the
presence or absence of trend in time-series data was
supported by the finding that lines of progress sig-
nificantly improved interrater agreement on changes
in trend. Likewise, the assumption that a semilog
chart more accurately reflects linearity of progress
was supported by the finding that raters tended to
judge fewer phase changes as significant when data
were presented on semilog charts.
At least two potential limitations of this study
should be addressed. First, the charts evaluated
may not be representative of the "population" of
actual charts published. Although the study has
demonstrated that chart type and lines of progress
can affect rater judgments in at least some real
cases, the findings should not necessarily be gen-
eralized to all data sets. Second, the study addresses
only the issue of agreement in opinion across raters
and the general direction of rater opinions. These
are reliability issues and are separate from the crit-
ical validity issue of correspondence of raters' opin-
ions with some absolute standard of significance.
We do not know if the judgmental aids examined
in this study bring us any doser to the "truth"
concerning performance change in the charts ex-
amined. Although agreement is both desirable and
necessary for establishing confidence in the inter-
pretability of research results, it is not sufficient to
guarantee that results have been appropriately in-
terpreted.
The implications of these findings need to be
examined more carefully in future research. Studies





























among judges of charted data (DeProspero & Co-
hen, 1979; Jones et al., 1978) and lack of agree-
ment between visual and statistical inference (Jones
et al., 1977). This study has documented that two
judgmental aids can affect both interrater agree-
ment and raters' judgments of significance of
changes across experimental phases. Still to be re-
solved is whether the same analytic techniques
should be used with all data sets or whether a
technology is needed for matching analytic strate-
gies to basic characteristics of performance change
and variability displayed in the data. For example,
White and Haring (1976) suggested that mean-
ingful changes in rate of progress can occur within
a given experimental phase, and that in such cases
the use of a single, linear line of progress may be
misleading, may reduce interrater agreement, or
may increase the probability of inappropriate in-
terpretations of the data. In other instances pro-
cedures such as drawing "smoothed curves"
through data as described by Tukey (1977) may
be required.
This study replicates the general finding of pre-
vious studies that "seeing is believing" is not such
a simple proposition. It is dear that interrater
agreement and ratings of significance of charted
data are affected by certain characteristics of the
charts themselves. This study extends previous re-
search by demonstrating the specific effects of lines
of progress and semilogarithmic charts, by docu-
menting their relative impact on changes in level
and changes in trend, and by emphasizing that
using the two judgmental aids in combination to
improve interrater agreement may result in more
conservative ratings of significance.
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